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@ Free flow prevention system for infusion pump. 

@ A free flow prevention system for preventing 
undesired free flow of fluid through IV tubing 
(12) of the type used in an infusion pump (10). 
The system comprises a spring dip (18) having 
a base (20) and a spring arm (22) defining a 
channel (23) adapted to receive the IV hjbing 
(12). The spring ami (22) is resiliently biased to a 
closed position in which the IV tubing (12) is 
squeezed by the spring clip (18) to close the 
lumen to prevent fluid flow, and the spring arm 
(22) is movable against the bias to an open 
position wherein the lumen of the IV tubing (12) 
is allowed to open to allow flow. The system 
also includes a clip-opening pin (34) in the 
infusion pump (10) for moving the spring arm 
(22) of the spring dip (18) from its closed 
position to the open position. The dip-opening 
pin (34) is movable relative to the spring dip 
(18) to move the spring ami (22) between an 
unloading position, in which the dip-opening 
pin (34) does not hold the spring anm (22) In its 
open position, and an operating position, In 
which the dip-opening pin (34) moves the 
spring ami (22) to its open position and holds 
the spring ami (22) in the open position. 
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The Invention relates generally to infusion pumps 
and IV tubing sets for the controlled delivery of fluids 
to a patient, and more particularly to a free flow pre- 
vention system for preventing the free flow of fluid 
through the IV tubing when the tubing is disconnected 
from the pump. 

Background of the Invention 

Infusion pumps are typically used to regulate the 
delivery of fluids, which may include potentially haz- 
ardous drugs, to a patient with a high degree of accu- 
racy. Ordinarily, a roller clamp is nnoved to a closed 
position to stop flow through IV tubing before the tub- 
ing is removed from an infusion pump in order to pre- 
vent a situation that is sometimes referred to as "free 
flow" or "fluid runaway", that is, where the fluid is free 
to flow rapidly through the IV tubing without regulation 
by the infusion pump. Such roller damps are effective 
in preventing free flow only when they are manually 
moved to their closed positions, and free flow or fluid 
runaway may occur if the roller clamp is inadvertently 
left in its open position. As a result, an automatic free 
flow prevention system is now desired wherein fluid 
runaway is prevented regardless of whether the pump 
operator remembers to close a roller or slide clamp. 

One approach is described in coassigned U.S. 
Patent No. 4,585,441 wherein an interlock is provided 
to prevent removal of the IV set unless fluid flow 
through the tubing is stopped. The pump operator 
must manually close a clamp to stop fluid flow through 
the tubing before the infusion pump will permit remov- 
al of the IV set. 

A permanent clamp may be provided on the infu- 
sion pump from which the IV set must be manually dis- 
connected during removal of the IV set from the infu- 
sion pump. That approach reduces the risk of fluid 
runaway because the permanent clamp reduces the 
possibility of thoughtJess removal of the IV set from 
the infusion pump. The act of disconnecting the IV set 
from the pemnanent clamp tends to remind the oper- 
ator of the need to close the roller or slide damp on 
the IV set; however, it does not eliminate the risk that 
the operator will remove the IV set without first dosing 
this damp. 

Other approaches include employing slide 
clamps to prevent or reduce the risk of removing the 
IV set without closing a clamp. U.S. Patents 
4.586.691; 4.689.043; and 4,816J90 describe em- 
ploying slide clamps to prevent fluid runaway during 
removal of IV sets from infusion pumps. 

Coassigned U.S. Patent No. 5,017,192, de- 
scribes a flexible damp having a pair of damping 
amns that are biased to a dosed position to close the 
lumen of IV tubing. The clamping anms are moved and 
held In an open position by a wedge in the infusion 
pump to pemiltflow through the tubing during opera- 
tion of the infusion pump. The damping anms of the 



flexible clamp automatically dose the tubing when the 
IV tubing set is removed from the infusion pump. 

Summary of the Invention 

5 

The Invention provides a free flow prevention sys- 
tem adapted for preventing free flow of fluid through 
IV tubing when the tubing is disconnected from an in- 
fusion pump. The system is designed to be easy to 
10 use, and to automatically close the IV tubing to fluid 
flow when the tubing Is removed from the infusion 
pump. 

Generally, the free flow prevention system conrv 
prises an IV tubing set including IV tubing having a lu- 

15 men through which fluid may be pumped for adminis- 
tration to a patient, and an infusion pump for control- 
ling infusion of a fluid through the IV tubing. 

The IV tubing set also Includes a spring clip hav- 
ing a base and a spring arm extending from the base. 

20 The base and spring anm define a channel adapted to 
receive a portion of the IV tubing. The spring ann is 
resiliently biased to a dosed position in which the IV 
tubing is squeezed between the spring arm and the 
base of the dip to dose the lumen to preventfluid flow. 

25 The spring arm is movable against the bias to an open 
position wherein the lumen of the IV tubing is allowed 
to open to allow flow through the lumen. 

The Infusion pump indudes pumping means for 
pumping fluid through the IV tubing, and releasable 

30 holding means for releasably holding the IV tubing 
during operation of the Infusion pump. Clip-holding 
means is provided in the Infusion pump for releasably 
mounting the dip in the infusion pump, and dip- 
opening means is provided in the infusion pump for 

35 moving the spring anm of the dip firom its dosed pos- 
ition to the open position. 

The dip-holding means and the dip-opening 
means are mounted In the Infusion pump for move- 
ment of the clip-opening means relative to the dip 

40 held by the dip-holding means between an unloading 
position and an operating position. In the unloading 
position, the dip-opening means does not hold the 
spring arm In its open position. In the operating posi- 
tion, the dip-opening means moves the spring amn to 

45 its open position and holds the spring arm In the open 
position. 

Other features will be pointed out hereinafter. 
Brief Description of the Drawing 

50 

The invention will be further described with refer- 
ence to the drawing wherein conresponding reference 
characters indicate corresponding parts throughout 
the several views of the drawing, and wherein: 
55 Fig. 1 is a perspective view of an infusion pump 

incorporating the free flow prevention system of 

the Invention; 

Fig. 2 is a cross-sectional view substantially 
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along line 2-2 of Fig. 1, showing a spring clip of 
the free flow prevention system in its closed pos- 
ition; 

Fig. 3 is a cross-sectional view similar to Fig. 2, 
showing the spring clip in its open position; 
Fig. 4 is an enlarged front view of a pumping cas- 
sette having a spring dip mounted thereon; 
Fig, 5 is an enlarged perspective view of the 
spring dip of Figs. 2-4, showing the spring clip In 
its dosed position; 

Fig. 6 is a side view of the of the spring clip of Fig. 
5, showing the spring clip in its open position and 
illustrating the closed position in phantom; and 
Fig. 7 is a side view similar to Fig. 6, showing the 
spring clip in its priming position. 

Detailed Description of a Preferred Embodiment 

The free flow prevention system is particulariy de- 
signed for an infusion pump 10 (Fig. 1) of the general 
type described in U.S. Patent Nos. 4,236,880; 
4.277,226; 4.322,201; 4.382,753; 4.391,600; 
4,410,322; and U.S. Patent No. 5,017.192. Such infu- 
sion pumps are designed for use with IV tubing 12 of 
the type including a pumping cassette 14 having flex- 
ible walls defining fluid pumping chambers 16. The 
fluid pumping chambers may be compressed to reg- 
ulate fluid flow through the the lumen of the IV tubing 
1 2 without contact between the infusion pump 1 0 and 
the IV fluid. 

Infusion pumps of this type are being sold by Min- 
nesota Mining and Manufacturing Company of St. 
Paul. Minnesota f3M"), under various trade designa- 
tions, including the "AVI 200" and "AVI 400" model 
series of infusion pumps. The infusion pump 10 may 
alternately be of the type commonly referred to as a 
"linear peristaltic pump", that is, pumps that selective- 
ly squeeze straight portions of the IV tubing to regu- 
late or pump fluid through the IV tubing. In any event, 
the infusion pump 10 regulates fluid flow through the 
lumen of IV tubing 12 for administration to a patient 

As illustrated in figures 2-7. a spring dip 1 8 Is pro- 
vided having a base 20 and a spring arm 22 extending 
from the base 20. The base 20 and spring ami 22 de- 
fine a channel 23 adapted to receive a portion of the 
IV tubing 12, preferably a portion of the pumping cas- 
sette 14. The spring arm 22 is resiliently biased to a 
closed position (Fig. 2 and phantom in Fig. 6) in which 
the IV tubing 12 is squeezed between the spring am 
22 and the base 20 of the dip 18 to dose the lumen 
of the IV tubing 12 to prevent fluid flow. The spring arm 
22 is movable against the bias to an open position 
(Fig. 3 and solid in Fig. 6) wherein the lumen of the IV 
tubing 12 is allowed to open to allow flow through the 
lumen. 

The infusion pump 10 includes pumping means 
for pumping fluid through the IV tubing, and releas- 
able holding means 24 for releasably holding the IV 



tubing 12 during operation of the infusion pump 10. 
For example, the pumping means may include one or 
more pistons (not shown) that compress the pumping 
chambers 16 of the pumping cassette 14, and the re- 

5 leasable holding means 24 may be in the fonm of a 
door assembly 24. The door assembly 24 indudes a 
door 28 mounted via a hinge to a cassette-receiving 
block 30 of the type described in U.S. Patent No. 
4,236,880. In this example, the door assembly 24 may 

10 be moved a distance D-1 between a loading and un- 
loading position (Fig. 2) and an operating position 
(Fig. 3) by turning a knob 31 extending laterally out- 
wardly from the infusion pump 1 0. The loading and un- 
loading position is fonvard in the infusion pump rela- 

15 tive to the operating position, and the door 28 may be 
pivoted outwardly for loading and unloading of the 
pumping cassette 14 when the door assembly 24 is in 
the loading and unloading position. 

Clip-receiving means, preferably including a re- 

20 cess 32 in the door 28. is provided for releasably re- 
ceiving the spring clip 18 in the infusion pump 10. and 
clip-opening means, such as a pin 34, is provided for 
moving the spring arm 22 of the spring dip 1 8 from its 
closed position (Fig. 2) to the open position (Fig. 3). 

25 The clip-receiving means and the dip-opening pin 34 
are mounted on the infusion pump 10 for movement 
of the dip-opening pin 34 relative to the dip 18 held 
by the dip-receiving means between an unloading 
position (fig. 2). in which the clip-opening pin 34 does 

30 not hold the spring arm 22 in its open position, and an 
operating position (fig. 3), in which the dip-opening 
pin 34 moves the spring ami 22 to its open position 
and holds the spring arm 22 in the open position. 
The spring dip 18 may be both loaded Into and 

35 unloaded finom infusion pumps 10 of the type descri- 
bed in the incorporated patents with the clip-opening 
pin 34 and clip-receiving means in their "unloading" 
position. In this type of pump (as well as some others), 
the dip-receiving means is mounted on or formed In 

40 the door 28 and/or cassette-receiving block 30. and 
the dip-opening pin 34 is mounted in the main body 
26 of the infusion pump 10. In this anrangement, the 
releasable holding means 24 is movable to move the 
clip-receiving means and spring dip 18 relative to the 

45 . clip-opening pin 34 between the unloading and oper- 
ating positions. The cassette-receiving block 30 may 
Include one or more cylinders for receh/ing the pump- 
ing chambers 16 of the pumping cassette 14 and pis- 
tons (not shown) of the pumping means. 

50 Preferably, the spring clip 18 Includes detent 
means 36 for releasably holding the spring arm 22 
against its spring bias in a priming position (fig. 7) in 
which the lumen of the IV tubing 12 is open to allow 
flow through the lumen. Release means, such as a re- 

55 silient release spring 38 (e.g. of metal wire), is provid- 
ed in the door 28 of the infusion pump 1 0 for releasing 
the spring ami 22 from the detent means 36 so that 
the spring arm 22 moves from its priming position (fig. 
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7) toward the open and closed positions (figs. 2-3 and 
6). 

For example, the release spring 38 may be 
mounted in the recess 32 of the door 28 and adapted 
to engage the spring arm 22 when the door is in its 5 
closed position (figs. 1-3) to release the spring ann 22 
from the detent means 36 and to move the spring arm 
22 to the closed position (fig. 2). More specifically, the 
spring arm 22 is spaced fartherfrom the base 20 in the* 
priming position (fig. 7) than in the open position (solid io 
In fig. 6), and the release spring 38 is adapted to move 
the spring arm 22 toward the base 20 when the door 
28 is moved to its closed position. So long as the door 
28 is closed, the release spring 38 will tend to urge the 
spring arm 22 toward its closed position. The dip- 15 
opening pin 34 is adapted to move the spring arm 22 
against the bias of the release spring 38 when the clip- 
opening pin 34 and reteasable holding means 24 are 
in their operating position. 

The detent means 36 preferably comprises a 20 
latching arm 40 on the base 20 of the spring clip 18 
adapted to engage the free end (at 36) of the spring 
arm 22 to hold the spring arm 22 in its priming position 
(fig. 7). More particulariy, the detent means 36 may 
comprise complementary bends in the latching arm 25 
40 and spring arm 22 adapted to engage each other 
to hold the spring arm 22 in its priming position. For 
example, the complementary bends of the latching 
amri 40 and spring anr) 22 may include a concave 
bend 42 on the free end of the spring anm 22 with its 30 
concave surface (at 42) facing the latching ann 40, 
and a convex bend 44 on the latching anm 40 comple- 
mentary to the cx)ncave surface 42 of the spring arm 
22. The convex surface 44 of the latching anm 40 Is 
adapted for engagement with the concave surt'ace 42 35 
of the spring anm 22 to hold the spring anm 22 in its 
priming position. 

As illustrated in fig. 4, the pumping cassette 14 
may have a plurality of alignment openings 45 (e.g., 
four) that are adapted to receive corresponding align- 40 
ment pins (not shown) extending from the cassette-re- 
ceiving block 30 to property align the pumping cas- 
sette 14 with respect to the infusion pump 10. When 
the pumping cassette 14 is in position on the align- 
ment pins, (a) the pumping chambers 1 6 of the pump- 4S 
ing cassette are positioned within or adjacent the pis- 
ton-receiving cylinders of the cassette-receiving 
block 30 for operation of the pistons on the pumping 
chambers 16; (b) the spring clip 18 is held in proper 
orientation with respect to the clip-opening pin 34 so so 
that the clip-opening pin 34 can move the spring arm 
22 to its open position; (c) the spring arm 22 of the 
spring dip 18 will be received In the recess 32 In the 
door 28 when the door 28 is closed; and (d) the re- 
lease spring 38 will engage the spring arm 22 when 55 
the door 28 is closed to urge the spring arm 22 from 
the priming position toward the closed position. 

The pumping cassette 14 most preferably has two 



openings or slots 46 and 48 through the opposite sur- 
faces thereof, which are arranged along opposite 
sides of the lumen and sealed with respect to the lu- 
men to prevent fluid communication between the slots 
46,48 and the lumen. The base 20 of the spring dip 
1 8 extends along one surface (not shown in Fig. 4) of 
the pumping cassette 14 between the two slots 46 and 
48. The spring arm 22 extends from the base 20 
through one of the slots 46 and along the pumping 
cassette 14 toward the other slot 48 such that the 
spring arm 22 engages the pumping cassette 14 when 
In its dosed position to close the lumen to fluid flow. 
The latching arm 40 of the spring dip 18 extends from 
base 20 through slot 48 of the pumping cassette 14. 
This arrangement is believed to be advantageous in 
that the spring dip 18 is securely held on the pumping 
cassette 14 in proper position with respect to the lu- 
men, and in alignment with the clip-opening pin 34 
and dip-receiving means when the pumping cassette 
1 4 Is placed on the alignment pins on the cassette-re- 
ceiving block 30. 

Preferably, the spring dip 1 8 is fonmed from a sin- 
gle flat sheet of resilient stainless steel cut and bent 
to form the spring arm 22, latching arm 40 and base 
20 of the spring clip 18, although it has also been con- 
templated to form the spring dip 18 from thermoplas- 
tic or thermoset resin. In the example of a spring dip 
1 8 cut and bent from a single metal sheet, the process 
of producing the dip 22 forms a longitudinal slot 47 
(figure 5) along the base 20 of the dip 18 having a 
width that Is the same or preferably larger than the 
width of the spring anm 22. It is contemplated that the 
longitudinal slot 47 of the spring clip 18 may extend 
Into the latching amn 40 to some extent but preferably 
not past the convex bend 44. 

Before discussing further details of a preferred 
spring dip 18, nomenclature relating to directions 
along the dip 18 will be defined. The base 20 of the 
spring clip 18 may be viewed as defining a longitudi- 
nal direction (rightwardly and leftwardly in figures 6 
arid 7), and the spring arm 22 may be viewed as being 
movable In a lateral plane (upwardly or downwardly In 
figures 6 and 7) between the priming, open and dosed 
positions. The direction of movement of the spring 
ami 22 from the priming position (figure 7) toward the 
closed position (phantom in figure 6) constitutes the 
laterally inward direction (downwardly in figures 6 and 
7), and the opposite direction constitutes the laterally 
outward direction. 

Most preferably, the spring ann 22 extends from 
generally adjacent one end of the base 20 generally 
longitudinally along the base 20 toward the latching 
anm 40. The spring arm 22 terminates In a free end (at 
36) generally adjacent the latching arm 40. The spring 
arm 22 has a bent section Integrally connecting the 
main section 49 of the spring arm 22 to the base 20. 
The bent section of the spring ami 22 indudes a first 
portion 50 bent laterally outwardly from the base 18, 
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a second portion 52 bent laterally inwardly from the 
first portion 50 and extending generally longitudinally 
along the base 20 when the spring amn 22 is in Its 
closed position, and a third portion 54 bent laterally in- 
wardly from the second portion 52. The spring arm 22 5 
has a straight main section 49 bent laterally outwardly 
from the third portion 54 such that the main section 49 
extends in the direction generally parallel with the sec- 
ond portion 52 of the spring arm 22. 

The free end 36 of the preferred spring am 22 io 
has a detent portion (at 42) bent laterally inwardly 
from the main section 49 and adapted for sliding en- 
gagement with the latching arm 40, The detent portion 
42 includes the concave bend 42 that provides part of 
the detent means. The free end 36 of the spring arm is 
22 also including a tab portion 56 bent from the detent 
portion 42 and adapted to be engaged by the clip- 
opening pin 34 to move the spring arm 22 from its 
closed position to its open position. The tab portion 56 
extends in a direction generally parallel to the longi- 20 
tudinal direction when the spring arm 22 is in Its closed 
position, and the concave bend 42 of the detent por- 
tion 42 is generally adjacent the tab portion 56 so that 
the priming position is laterally outwardly of the open 
and closed positions of the spring clip 22. The tab por- 25 
tion 58 preferably extends in the direction generally 
away from the latching arm 40 and generally parallel 
with the main portion 49 of the spring arm. 

The latching anm 40 preferably includes a first 
section 58 extending from the end of the base 20 op- 30 
posite the spring anm 22 generally longitudinally along 
the base 20, and a second section (at 44) bent later- 
ally outwardly from the first section 58. The second 
section 44 of the latching anm 40 includes the convex 
bend 44 that is complementary to the concave bend 35 
42 of the spring anm 22. 

OPERATION 

Operation of the free flow prevention system will 40 
be described with reference to the preferred embodi- 
ment having a pumping cassette 1 4 for purposes of il- 
lustration. The IV tubing set is preferably provided in 
sterile packaging (not shown), with the spring dip 20 
in its priming position so that the IV tubing 12 (includ- 45 
ing the pumping cassette 14) can be readily charged 
with fluid and air bubbles removed. The pumping cas- 
sette 14 and the spring dip 18 are then manually 
placed or inserted into the cassette-receiving block 
30. 50 

The door 28 of the door assembly 24 is closed to 
hold the spring clip 18, pumping cassette 14 and IV 
tubing 12 in the door assembly 24. As the door 28 is 
closed, the release spring 38 is forced against the 
spring arm 22 of the spring dip 18 to push the spring 55 
anm 22 from its detented priming position and into the 
closed position (Fig. 2), In which fluid flow through the 
IV tubing 12 Is blocked prior to initiating the operation 



of the infusion pump 10. 

The knob 31 is then turned to draw the door as- 
sembly 24 toward the main body 26 of the infusion 
pump 10. As the door assembly 24 is drawn toward 
the main body 26 of the infusion pump 10, the dip- 
opening pin 34 is forced against the tab portion 56 of 
the spring arm 22 to move it against the bias of the re- 
lease spring 38 into the open position (Fig. 3) to permit 
fluid flow through the IV tubing 12 during operation of 
the pump 10. The infusion pump 10 may then be op- 
erated in the nonmal manner to control the delivery of 
fluid to a patient. . 

In order to remove the IV tubing set from the in- 
fusion pump 10, the knob 31 is turned in the opposite 
direction to return the door assembly 24 to its loading 
and unloading position (Fig. 2), which in the example 
is forward (upwardly in figures 2 and 3) of the operat- 
ing position. As this occurs, the opening force provid- 
ed by the dip-opening pin 34 is removed, and the bias 
of the release spring 38 and the bias of the spring anm 
22 return the spring ami 22 to its dosed position. At 
this point, the lumen through the pumping cassette 14 
should be closed to fluid flow. 

The door 28 is then opened, and the IV tubing set, 
including the IV tubing 12 and spring dip 18, are re- 
moved from the infusion pump 10. The lumen of the 
iV tubing 12 remains closed due to the clamping a&> 
tion of the spring anm 22 against the tubing 12. As a 
result, free flow through the tubing 12 is prevented 
during and after disconnection of the IV tubing set re- 
gardless of whether a standard roller or pinch damp 
(not shown) is dosed. 

If use of the IV tubing set for gravity feed after re- 
moval from the Infusion pump 10 is desired, the prac- 
titioner may manually move the spring arm 22 to its 
priming position to pennit such flow. Of course, a con- 
ventional roller clamp (not shown) may be provided to 
provide some reguiatton of flow through the IV hjbing 
12 in that event 

As various changes could be made in the above 
constructions without departing from the scope of the 
Invention, It Is Intended that all matter contained in the 
above description or shown in the accompanying 
drawing be interpreted as illustrative and not in a lim- 
iting sense. 



Claims 

1 . A firee flow pireventlon system comprising: 
an IV tubing set (12) comprising: 
IV tubing (12) having a lumen through 
which fluid may be pumped for administration to 
a patient; and 

a spring clip (1 8) having a base (20) and a 
spring arm (22) extending therefrom, the base 
(20) and spring anm (22) deflning a channel (23) 
adapted to receive a portion of the IV tubing (12), 
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the spring arm (22) being resiiiently biased to a 
closed position in which the IV tubing (12) is 
squeezed between the spring arm (22) and the 
base (20) of the spring clip (18) to dose the lumen 
to prevent fluid flow, the spring anm (22) being 5 
movable against the bias to an open position 
wherein the lumen of the IV tubing (12) is allowed 
to open to allow flow through the lumen; and 

an infusion pump (10) for controlling infu- 
sion of a fluid through the IV tubing (12), the infii- io 
slon pump (10) comprising: 

pumping means for pumping fluid through 
the IV tubing (12); 

reieasable holding means (24) for releas- 
ably holding the IV tubing (1 2) during operation of is 
the infusion pump (10); 

dip-receiving means (32) for releasably 
receiving the spring dip (18) in the infusion pump 
(10); and 

dip-opening means (34) for moving the 20 
spring anm (22) of the spring clip (18) from its 
closed position to the open position; 

the clip-receiving means (32) and the dip- 
opening means (34) being mounted on the infu- 
sion pump (10) for movement of the clip-opening 25 
means (34) relative to the spring clip (18) re- 
ceived by the clip-receiving means (32) between 
an unloading position, in which the clip-opening 
means (34) does not hold the spring arm (22) in 
its open position, and an operating position, In 30 
which the dip-opening means (34) moves the 
spring arm (22) to its open position and holds the 
spring anm (22) in the open position. 

2. An infusion pump (10) for regulating fluid flow 35 
through a lumen of an IV tubing set (12) to a pa- 
tient, the IV tubing (12) set being of the type in- 
cluding a spring dip (16) having a base (20) and 
a spring arm (22) extending therefrom, the base 
(20) and spring ami (22) defining a channel (23) 40 
adapted to receive a portion of the IV tubing (1 2), 
the spring arm (22) being resiiiently biased to a 
dosed position in which the IV tubing (12) is 
squeezed between the spring arm (22) and the 
base (20) of the spring clip (1 8) to dose the lumen 45 
to prevent fluid flow, the spring anm (22) being 
movable against the bias to an open position 
wherein the lumen of the IV tubing (12) is allowed 
to open to allow flow through the lumen; the infu- 
sion pump (10) comprising: so 

pumping means for pumping fluid through 
the IV tubing (12); 

reieasable holding means (24) for reseas- 
ably holding the IV tubing (12) during operation of 
the infusion pump (10); 55 

dip-receiving means (32) for releasably 
receiving the spring dip (1 8) in the infusion pump 
(10): and 



clip-opening means (34) for moving the 
spring ann (22) of the spring clip (18) from its 
closed position to the open position; 

the dip-receiving means (32) and the di- 
popening means (34) being mounted on the infu- 
sion pump (10) for movement of the dip-opening 
means (34) relative to the spring dip (18) re- 
ceived by the dip-receiving means (32) between 
an unloading position, in which the dip-opening 
means (34) does not hold the spring ann (22) in 
its open position, and an operating position, in 
which the clip-opening means (34) moves the 
spring ami (22) to its open position and holds the 
spring ann (22) in the open position. 

3. An IV hjbing set (12) through which fluid flow is 
regulated by an infusion pump (10) of the type 
used to regulate fluid being delivered to a patient; 
the IV tubing (12) set comprising: 

IV tubing (12) having a lumen through 
which fluid may be pumped for administration to 
a patient; and 

a spring dip (1 8) having a base (20) and a 
spring arm (22) extending therefrom, the base 
(20) and spring anm (22) defining a channel (23) 
adapted to receive a portion of the IV tubing (12), 
the spring anm (22) being resiiiently biased to a 
closed position in which the IV tubing (12) is 
squeezed between the spring anm (22) and the 
base (20) of the spring dip (18) to dose the lumen 
of the IV tubing (12) to prevent fluid flow, the 
spring anm (22) being movable against the bias to 
an open position wherein the lumen of the IV tub- 
ing (12) is allowed to open to allow flow through 
the lumen. 

4. A system or pump (1 0) according to daims 1 or 2 
further characterized in that the clip-opening 
means (34) comprises a clip-opening pin (34) 
mounted in the infusion pump (10) for engage- 
ment with the spring arm (22) of the spring dip 
(18), the pin (34) and the spring dip (18) being 
movable relative to one another between the op- 
erating position, in which the pin (34) engages the 
spring anm (22) to hold the spring arm (22) in its 
open position, and the unloading position, in 
which the pin (34) is not holding the spring anm 
(22) in its open position so that the spring arm (22) 
is allowed to move to its dosed position to dose 
the lumen of the IV tubing (12). 

5. A system or pump (10) according to claim 4 fur- 
ther characterized in that the reieasable holding 
means (24) indudes a door (28) mounted on the 
infusion pump (10), the dip-receiving means (32) 
including walls within the door (28) defining a re- 
cess (32) for receiving the spring anm (22) of 
spring dip (18) and allowing movement of the 
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spring arm (22) between its open and closed pos- 
itions, the releasable holding means (24) being 
movable to move the clip-receiving means (32) 
relative to the pin between the unloading and op- 
erating positions. 5 

6. A system according to claim 5 further character- 
ized in that the spring clip (22) further comprises 
detent means (36) for releasably holding the 
spring anm (22) against its spring bias in a priming 
position in which the lumen of the IV tubing (12) 
is open to allow flow through the lumen. 

7. A system or pump (10) according to claims 5 or 6 
further characterized in that release means (38) 
is provided In the door (28) for releasing the 
spring anm (22) from the detent means (36) before 
operation of the infusion pump (10) so that the 
spring arm (22) moves from its priming position 
toward the open and closed positions. 

8. A system or pump (10) according to claim 7 
wherein the door (28) has open and closed posi- 
tions, the release means (38) comprising a resil- 
ient release spring (38) mounted in the recess 
(32) of the door (28) and adapted to engage the 
spring arm (22) to release it from the detent 
means (36) and move it to the closed position 
when the door (28) is moved to its closed position, 
the clip-opening pin (34) being adapted to move 
the spring arm (22) against the bias of the release 
spring (38) when the clip-opening pin (34) and re- 
leasable holding means (24) are in their operating 
position. 

9. A system or IV tubing set (12) according to claims 
1 or 3 further characterized In that the spring clip 
(18) further comprises detent means (36) for re- 
leasably holding the spring ann (22) against its 
spring bias in a priming position in which the lu- 
men of the IV tubing (12) is open to allow flow 
through the lumen. 

1 0. A system or IV tubing set (12) according to claim 

9 further characterized in that the spring ami (22) 45 
is spaced farther from the base (20) in the priming 
position than In the open position. 

11. A system or IV tubing set (12) according to claim 

10 wherein the spring anm (22) has a free end so 
(36), the detent means (36) comprising a latching 

anm (40) extending from the base (20) of the 
spring clip (18) adapted to engage the free end of 
the spring anm (22) to hold the spring anm (22) in 
its priming position; the detent means (36) further 55 
comprises complementary bends (42 and 44) In 
the latching arm (40) and spring arm (22) adapted 
to engage each other to hold the spring anm (22) 



in its priming position, the complementary bends 
(42 and 44) of the latching arm (40) and spring 
arm (22) including a concave bend (42) on the 
free end of the spring anm (22) with its concave 
surface (42) facing the latching arm (40). and a 
convex bend (44) on the latching arm (40) conr)- 
plementary to the spring anm (22) with its convex 
surface (44) adapted for engagement with the 
concave surface (42) of the spring anm (22) to 



14. A system or IV tubing set (12) according to claim 

13 wherein the spring dip (18) is formed from a 
flat sheet of resilient metal cut and bent to form 
the spring arm (22), latching anm (40) and base 
(20) of the spring dip (1 8). 

15. A system or IV tubing set (12) according to daim 

14 wherein the base (20) of the spring cllp(18) de- 
fines a longitudinal direction and the spring anm 
(22) Is movable in a lateral plane defined by the 
base (20) and spring anm (22) between the pri- 
ming, open and dosed positions, the direction of 
movement of the spring anm (22) firom the priming 
position toward the dosed position constituting 
the laterally inward direction; 



10 hold the spring arm (22) in its priming position. 

12. A system or IV tubing set (1 2) according to daim 
11 wherein the IV tubing (12) Indudes a pumping 
cassette (14) having flexible walls defining fluid 

15 pumping chambers (16) defining a portion of the 
lumen, the pumping chambers (16) being adapt- 
ed to be compressed by the pumping means of 
the infusion pump (10) to regulate fluid flow 
through the lumen of the IV tubing (1 2). the spring 
20 anm (22) and base (20) of the spring clip (1 8) be- 
ing an^nged along opposite surfaces of the 
pumping cassette (14). 

13. A system or IV tubing set (1 2) according to daim 
25 12 wherein the pumping cassette (14) has two 

openings or slots (46 and 48) through the oppo- 
site surfaces thereof, arranged along opposite 
sides of the lumen and sealed with respect to the 
lumen to prevent fluid communication between 
30 the openings or slots (46 and 48) and the lumen, 
the base (20) of the spring clip (18) extending 
along one surface of the pumping cassette (14) 
between the two openings or slots (46 and 48), 
the spring anm (22) extending from the base (20) 
35 through one of the openings or slots (46) and 
along the pumping cassette (14) toward the other 
opening or slot (48) such that the spring arm (22) 
engages the pumping cassette (14) when in its 
dosed position to close the lumen to fluid flow, 
40 and the latching arm (40) of the spring clip (18) ex- 
tending firom the base (20) through the other 
opening or slot (48). 
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the spring arm (22) extending from gener- 
ally adjacent one end of the base (20) generally 
longitudinally along the base (20) toward the 
latching arm (40) and terminating in its free end 
generally adjacent the latching arm (40). the 5 
spring ami (22) having a bent portion (50, 52 and 
54) connecting the spring arm (22) to the base 
(20) Including a first portion (50) bent laterally out- 
wardly from the base (20), a second portion (52) 
bent laterally inwardly from the first portion (50) io 
and extending generally longitudinally along the 
base (20) when the spring arm (22) is in its closed 
position, and a third portion (54) bent laterally in- 
wardly from the second portion (52), the spring 
atm (22) having a main section (49) bent laterally is 
outwardly from the third portion (54) and extend- 
ing in the direction generally parallel with the sec- 
ond portion (52) of the spring amn (22); 

the free end of the spring am (22) having 
a detent portion (42) bent laterally inwardly from 20 
the main portion (49) and adapted for sliding en- 
gagement with the latching arm (40), the detent 
portion (42) including the concave bend (42), the 
free end of the spring arm (22) also including a tab 
portion (56) bent from the detent portion (42) and 25 
adapted to be engaged by the clip-opening pin 
(34) of the Infusion pump (10) to move the spring 
anm (22) firom its closed position to its open pos- 
ition, the tab portion (56) extending in a direction 
generally parallel to the longitudinal direction 30 
when the spring arm (22) is in its dosed position, 
the concave bend (42) of the detent portion (42) 
being generally adjacent the tab portion (56); and 

the latching arm (40) Including a first sec- 
tion (58) extending from the other end of the base 35 . 
(20) generally longitudinally along the base (20), 
and a second section (44) bent laterally outwardly 
from the first section (58), the second section (44) 
Including the convex bend (44) that Is comple- 
mentary to the concave bend (42) of the spring 40 
arm (22). 
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(g) Free flow prevention system for infusion pump. 

@ A free flow prevention system for preventing 
undesired free flow of fluid through IV tubing 
(12) of the type used in an infusion pump (10). 
The system comprises a spring dip (18) having 
a base (20) and a spring arm (22) defining a 
channel (23) adapted to receive the IV tubing 
(12). The spring anm (22) is resiliency biased to a 
closed position in which the IV tubing (12) is 
squeezed by the spring clip (18) to close the 
lumen to prevent fluid flow, and the spring anm 
(22) is movable against the bias to an open 
position wherein the lumen of the IV tubing (12) 
is allowed to open to allow flow. The system 
also indudes a clip-opening pin (34) in the 
infusion pump (10) for moving the spring arm 
(22) of the spring dip (18) from its closed 



position to the open position. The dip-opening 
pin (34) is movable relative to the spring dip 
(18) to move the spring arm (22) between an 
unloading position, in which the dip-opening 
pin (34) does not hold the spring ami (22) in its 
open position, and an operating position, in 
which the dip-opening pin (34) moves the 
spring ami (22) to its open position and holds 
the spring anm (22) in the open position. 
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